Mycoplasma fermentans has been reported to be pathogenic for man. All fourteen strains tested contain an insertion sequence-like element (ISLE) which may be present in multiple copies. To determine whether ISLE copies are similarly distributed in different strains of M. fermentans, restriction enzyme digest fragments of genomic DNA from 14 isolates, from a variety of sources, were separated by electrophoresis, blotted and hybridized to a biotin labelled polymerase chain reaction (PCR) amplified fragment of ISLE. A range of patterns was observed suggesting that the element has a tendency to undergo rearrangement within the genome. Analysis of ISLE sequences revealed inter-and intra-strain polymorphisms. z 1998 Federation of European Microbiological Societies. Published by Elsevier Science B.V.
Introduction
Mycoplasma fermentans was originally isolated from the human urogenital tract in the 1950's [1] but until recently was infrequently reported from clinical material. In the last few years published accounts where the species was implicated in pathogenic conditions have increased. It has been reported from the blood and urine of HIV positive and HIV negative patients and in cases of a fulminant fatal disease with post-mortem multi-organ isolation of the organism [2^4] . In a survey of 164 synovial specimens, M. fermentans was detected by polymerase chain reaction (PCR) in 15 patients with in£amma-tory arthritis [5] and recently it was reported that the species could be detected by PCR in 44% of saliva samples collected from 110 healthy adults. The oral mucosa may therefore be its natural habitat [6] .
Hu et al. [7] have identi¢ed a repeated element resembling bacterial insertion sequences in M. fermentans strain incognitus, within which a conserved 205 base-pair region (RW) is the target for a speci¢c PCR [8] . We have tested fourteen strains and all contained the RW sequence, but the base sequences of complete insertion sequence-like elements (ISLE) from isolates other than strain incognitus have not been determined, so it is not known how conserved this element is.
Furthermore, it has been suggested that, unlike many species of mycoplasma, M. fermentans is rela-tively genetically heterogeneous [7] . We therefore investigated the possibility of di¡erentiating strains, on the basis of DNA restriction fragment length polymorphisms £anking the ISLE [8] and analysed base sequences of a major part of the ISLE from four selected strains to determine the amount of interstrain consensus.
Materials and methods

Strains and culture conditions
Stock cultures were maintained in the freeze-dried state. Table 1 lists the strains and their sources. Culture was on SP4 agar containing 1% glucose at 37³C in 5% CO P /95% N P and in 100 ml SP4 broth for 101 4 days [9] .
DNA preparation
Cells were harvested by centrifugation at 10 000Ug for 20 min, washed twice in SET bu¡er (NaCl 150 mM, EDTA 1 mM, Tris-HCl 10 mM, pH 7.5) and resuspended in SET bu¡er for DNA extraction [10] .
DNA was digested overnight with restriction endonucleases RsaI or HindIII (Northumbria Biologicals). Fragments were separated by electrophoresis at 30 V for 16 h on 0.8% agarose gel and transferred tò Hybond-N' membranes (Amersham International) by vacuum blotting using a Vacu-blot apparatus (Anderman). Blots were ¢xed by baking at 80³C for 2 h.
Preparation of labelled RW probe
DNA from the type strain PG18 was used as template to amplify the RW sequence as described by Wang et al. [8] except that the reaction mixture contained 200 WM dATP, dCTP, dGTP/150 WM dTTP/ 50 WM Biotin-16-dUTP. Incorporation was con¢rmed by agarose electrophoresis of labelled and unlabelled amplicons in parallel. The former migrates more slowly than the latter. The product was puri¢ed by mixing with 0.01 volume glycogen (20 mg ml 3I ), 0.1 volume sodium acetate (2.5 M, pH 5.2) and 2.2 volumes ethanol at 320³C overnight. The DNA was deposited by centrifugation at 10 000Ug for 10 min, washed twice in 70% ethanol, dried and dissolved in 50 Wl H P O.
Hybridization of Southern blots
Hybridization and detection of biotin was carried out as described previously [10] but because the probe G+C content was low (30%), the hybridization temperature was reduced to 33³C (in 45% forma- mide, 825 mM Na ) and the stringent washes to 52³C.
Analysis of gene restriction patterns
Banding pro¢les from genomic DNA digests were combined giving a total of 46 loci where the presence or absence of bands was scored + or 3 for each strain. The percentage similarities (S h %) of strains were estimated using Dice's coe¤cient [11] and cluster analysis by unweighted pair group method with averages (UPGMA).
Ampli¢cation of ISLE
A compatible pair of primers that would amplify the maximum length of the ISLE from M. fermentans strain incognitus (GenBank accession number M34841) [7] was sought using the primer search program`OLIGO' (Medprobe AS). The primers chosen were: ISLE1: 5P-GAAAGGGGTTCATTTTTAT-GC-3P (position 31) and ISLE2: 5P-GTTTGGACT-TATTCCTGTATT-3P (position 1350). PCR reaction mixes (50 Wl) contained 50 mM KCl, 2.5 mM MgCl P , 10 mM Tris-HCl (pH 8.3), 250 WM of each deoxyribonucleotide triphosphate and 2.5 units of Amplitaq`gold' (Perkin-Elmer) to emulate a`hot start'. Thermocycling conditions were 95³C for 10 min, then 35 cycles of 95³C for 1 min, 60³C for 1 min and 72³C for 1 min. A ¢nal extension step of 72³C for 10 min was included. Reactions were carried out in an`Omnigene' thermocycler (Hybaid).
Cloning and sequencing
Strains M106, PG18, #5 and KL4 representing the four groups arising from the hybridization pro¢les were selected for PCR with primers ISLE1 and ISLE2. The ampli¢cation products were cloned using a TA cloning kit with transformation in INVKFP competent cells (Invitrogen). Plasmids were puri¢ed using a plasmid mini kit (Qiagen), and inserts were sequenced with forward and reverse primers £anking the insertion site using an ABI Prism dye terminator labelling kit and analysed on an ABI 377 DNA sequencer (Applied Biosystems).
Sequence analysis
Strain ISLE sequences were submitted to EMBL and assigned accession numbers as follows: M106, AJ001321; PG18, AJ001322; #5, AJ001323; KL4, AJ001324.
Alignments were carried out using Multalin 4.0 (Cherwell Scienti¢c Publishing).
Results
Hybridization pro¢les of the restriction enzyme digests revealed clear di¡erences between strains ( Fig. 1) and when a clustering algorithm was applied, strains could be arranged into four groups at the 50%S h level (Fig. 2) . Group I (v 73%S h ) included strains from urethra (BRO), joint (GIM), cell-line (M106) and Kaposi's sarcoma tissue (incognitus). In group II there were ¢ve strains with similar restriction patterns (v 52%S h ) to the type strain (PG18). These included three respiratory isolates (M52, M64, M70) and two cell line isolates (M148, M433). Two urinary isolates (#5, #29) with broadly similar patterns (60%S h ) were designated as group III and two isolated from joint £uids (KL4, KL8) which were almost identical (96%S h ) designated as group IV. From the PCR result it was ascertained that two sizes of ISLE were present in some strains and only one in others (Fig. 3) . The lengths were con¢rmed by sequencing. Strain incognitus produced a single product of the predicted size (1341 bp) as did the other three strains forming group I. However, groups II, III and IV strains produced two bands at 1341 bp and 1144 bp of which the latter was the more intense. An exception was strain KL4 with only one band of 1144 bp. Sequence alignment of the major ISLE products from four strains (Fig. 4) revealed that the di¡erence between the band sizes was due to a 200-bp deletion from position 70 to 269 at the 5P end. The remainder of the four sequences from position 270 to 1390 showed high (v 87%) inter-strain homology and with the published sequence of strain incognitus.
Discussion
The options for choosing compatible primer pairs to amplify a major part of the ISLE, using primer selecting computer software, was limited by the low G+C%, the presence of homopolymer stretches of A or T and repeat sequences that occur in the ISLE of strain incognitus [8] . In addition, at this stage the ISLE sequences of other strains were only assumed to be similar. These factors made it necessary to relax some of the selection criteria for ISLE1 and ISLE2 primers, but mispriming was avoided by using a`hot start' and stringent annealing temperature (60³C) in the thermocycling program.
It has been suggested that there may be multiple copies of the ISLE in strains of M. fermentans and that these may show intra-and inter-strain variation [7] . An examination of the published sequence of ISLE [7] reveals an absence of HindIII and RsaI sites in the RW probe, hence each hybrid band must represent at least one ISLE copy. Between four and 11 bands arising from each restriction digest were detected (Fig. 1) . The di¡erences in the band patterns suggest that the distributions of ISLE copies are subject to genomic rearrangements to varying degrees but that some copies of the ISLE have acquired stability in certain genomic regions in some clonal lines. Insertion sequences have been discovered in the animal mycoplasmas M. hyopneumoniae and M. hyorhinis (pigs) [12] , M. mycoides subsp. mycoides (cattle) [13] and M. pulmonis (rodents) [14] , but these do not appear to be related to the ISLE of M. fermentans.
The greatest parsimony exists between strain incognitus, with three allied strains (group I), and the other 10 strains. This may be a super¢cial re£ection of more phylogenetically based di¡erences, since strains from group I are distinctly slower growing than the rest (unpublished observations). There is also a cluster of ¢ve strains in group II that closely resemble ( s 50%S h ) the type strain PG18. However, overall there is a remarkable amount of similarity of band patterns despite the diversity of strain sources. For example group I strains were from the USA, UK and France, yet retained s 70%S h . Similarly PG18, isolated in the UK in 1952 from a genital ulcer, clustered closely with the three respiratory isolates from Canada which were isolated in 1990.
Unfortunately, the paucity of isolates available internationally did not enable ¢rm conclusions to be drawn about the relationship of strains to their origins. When we applied a PCR designed to amplify a major portion (1341 bp) of the published ISLE sequence of strain incognitus [7] , we obtained a single product of the predicted size from all group I strains. With one exception, other strains yielded two prod- ucts, the 1344-bp product and a more intense second band of 1144 bp. Strain KL4 had the 1144-bp product alone. This di¡erence in size between the elements was shown by sequence analysis to be due to the deletion of a discrete 200-bp region within an open reading frame near the 5P terminus. The remainder of the sequences showed v 87% inter-strain homology.
In conclusion, inter-strain sequence diversity clearly exists within the genome of M. fermentans as shown by the ISLE genomic distribution patterns. There are also sequence di¡erences within copies of the elements, there being two sizes that can be ampli¢ed by PCR to distinguish group I strains (incognitus variants) from the remainder. Thus these elements are potential candidates as epidemiological markers.
Since the majority of recent reports of colonization with M. fermentans are based on PCR rather than culture, the detection of variation in the ISLE by PCR directly from clinical specimens may be a rapid method for di¡erentiating these groups. This may help to identify biovars of the species in the future and contribute to aetiological and epidemiological studies.
